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The present invention is particulariy directed to the use of 
flexible software and machine control technology to rapidly 
select appropriate tools, spin and tilt the crankshafts 32, and 
shift the tools to each of the various positions needed for 
machining holes in a crankshaft 32. It is much quicker and 
easier to change the software driven electronic controls of 
the machining apparatus 20 than to physically change dedi- 
cated transfer line equipment 
What is claimed is: 

An apparatus foe machining holes in crankshafts at 
van6ijs angular positions about a longitudinal axis through 
the ^nkshaft and at various tUt angles to the lolattonal axis, 
con^sing: 
a fr. 

ional means on the frame for supporting a crank- 
shkfi and for rotating the crankshaft about the crank- 
sh^t's longitudinal axis to present different angular 
positions for the machining of holes; 

head mounted on the frame with a tool, 
lie along a plunging axis to present the tool to the 
aft to machine holes therein: and 
on the frame mounting the crankshaft to tilt the 
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tilt mcanl 



haft 



appi 
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cranksl 
holes 
about 
longitui 

2. An 
rotational 
means in the 
about the rotati( 
and wherein 
frame for piv( 
the plunging 

3. The app; 
machine frame 
plunging asds. and 
guides the machine 
axis Domal to the p] 
the machine frame gi 



at various angles to the plunging axis so that 
ly be machined at various rotational positions 25 
crankshaft and at various tilt angles to its 
axis. 

atus in accordance with claim 1 wherein 
con^Hises a crankshaft supporting fixture, 
ture mounting the crankshaft for turning 3^ 
axis of the crankshaft wiifain the fixunre; 
it means Includes pivot means on the 
lunting the fixture to pivot rdative to 



35 



claim 2 wherein a slide means of the 
s the machine head for travel along the 
slide means of the machine fi'ame 
td for travel along a first positioning 
inging axis, and another slide means of 
ides the machine head for travel along ^ 



the^ 



a second positioningVaxis thai is nonnal to both the first 
positioning axis and me plunging axis. 

4. The apparatus of claim 1 fruther con^srising means for 
stcffing a plurality of t6ols and tool support bushings, adja- 
cent the machine head! for automatic transfer of different 
tools to the machine t 

5. The apparatus of 
positioning a tool suj 
between the crankshaft ai 

6. The apparatus of ci 
means is provided on 
crankshaft for synchronou 
second crankshaft with the 

a second machine head 

chronously movable wilh\the 
the plunging axis to 
shafts after the crankshi 
Uoned aqd tilted relative t 

7. The apparams of claim I. 
frame arc provided and the tilt 
mounted on the pivot means for 
the pivot means. 

8. An apparatus for machining holes in crankshafts at 
various angular positions about a longitudinal axis through 
the crankshaft and at various tilt angles to the rotational axis. 
cofiq>rising: 

a frame; 



1 further comprising means for 
bushing in correct position 
the tool. 
1 wherein a second rotadonal 
ture for supporting a second 
rotational positioning off the 
St crankshaft; and 
ovided having a tool, syn- 
first machine head along 
t tools to the pair of crank- 
have been rotatably posi- 
e plunging axis, 
lerein pivot means on the 
s coinpffise a fixture 
r tUti^z about an axis through 
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a fixture on the frame having means for supporting a 
crankshaft for rotational positioning of the crankshaft 
about the crankshaft's longitudinal axis; 

means on the fixture for turning the crankshaft in a first, 
angular direction about the crankshaft's longitudinal 
axis while the crankshaft is supported in the fixture to 
present different peripheral surface sections of the 
crankshaft; 

a first machine head for canying a tool, movable along 
three axes; 

the first axis being a vertical axis for positioning the tool 

vertically relative to the crankshaft; 
the second axis being a horizontal axis for positioning the 

tool horizontally relative to the crankshaft; 
the third axis being a horizontal plunging axis which is 
normal to the first and second axes, for presenting the 
tool to the aankshafr; and ^ 
tilt means on the frame for tilting .the fixture and the^ 
crankshaft carried thereon through a second angular^ 
rotation about a tilt axis and relative to the plunging 
axis to machine holes at various angles to the longitu- 
dinal axis and at various peripheral locations about the 
crankshaft 

9. The apparatus of claim 8 further con^)rising: 
a second machine head having a tool, synchronously 

movable with the first machine head along three axes; 
and 

whcrdn. the fixture has means for supporting a pair of 
crankshafts for the syndironous rotational positioning 
of the crankshafts about the crankshafts* longitudinal 
axes. 

10. An apparatus for machining holes in crankshafts at 
various angular positions about a longitudinal axis through 
the crankshaft and at various tilt angles to the routional axis, 
con^nising: 

a frame; 

a fixture having means for supporting a plurality of 
crankshafts for the synchronous rotational positioning 
of the crankshafts about the crankshafts* longitudinal 
axes; 

tilt means on the frame including trunnions mounting the 
fixture for tilting in an angular direction about a hori- 
zontal axis through a central portion of the fixture to 
present the crankshafts at various lilt angles to the 
plunging axis; 

means on the fixture for turning each of the crankshafts 
about their respective, longitudinal axes in a second 
angular direction while the crankshafts are supported in 
the fixture; 

a plurality of machine heads having tools, syndjronously 
movable along three axes: die first axis being a vertical 
axis for positioning the tools vertically relative to the 
crankshafts; the second axis being a horizontal axis, 
parallel to the axis of the trunnions, for positioning the 
tools horizontally rcUtive to the crankshafts; the third 
axis being a plunging axis, normal to the first and 
second axes, for presenting the tools to the crankshafts 
after the crankshafts have been rotatably positioned 
about both the axis of the trunnions and the crank- 
shafts* longitudinal axes; 
means for storing a plurality of tools and tool support 
bushings, adjacent the machine heads for auton^c 
transfer of different tools and tool support bushings to 
55 the madune heads; and 

meaos.for positioning Oie tool support bushings in coiTect 
position between the plurality of crankshafts and tools. 
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11. An apparatus for nmchining holes in crankshafts at 
various angular positions about a longitudinal axis through 
the crankshaft and at various tilt angles to the rotational axis, 
comprising: 

a frame; s 

a crankshaft workholdcr mounted on the frame for sup- 
porting a crankshaft for rotation about the crankshaft's 
longitudinal axis to present different angular positions 
for the machining of holes; 

a machine head mounted on the frame with a tool 
movable along a plunging axis to present the tool to the 
crankshaft to machine holes therein; 

tilt means on the frame mounting the crankshaft 
workholder to tilt the crankshaft workhoMer at various 15 
angles to the plunging axis so that holes may be 
machined at various rotational positions about the 
crankshaft and at various tilt angles to its longitudinal 
axis; and 

an open face on one side of the crankshaft workholder to 20 
allow loading and unloading of a crankshaft when the 
workholder is tilted to a cranluhaft loading position. 

12. An apparatus in accordance with claim 11 wherein a 
headstock and a tailstock for rotating the crankshaft arc 
mounted on the crankshaft workholder; and 25 

means for moving the headstock relative to the tailstock 
to load or unload a crankshaft are on one side of the 
crankshaft workholder, leaving an opposite side open 
for lifting from an dropping into of crankshafts. 

13. An apparatus in accoidaDce with claim 11 wherein an ^ 
automatic tool changer is movable from a xemote position to 

a tool changing position between the crankshaft woikholdcr 
and the machine head. 

14. An apparatus in accordance with claim 13 wherein 
mean s on the frame guide the automaric tool changer to slide 
laterally into a space created when tfie worldioldcv is tilted 
to create more space between it and the machine head. 

15. A method of machining crankshafts oonqprising the 
stq>s of: 

loading a crankshaft into a pivocable fixture: ^ 
tilting the fixbui; about a first tilt axis relative to a 

to<d>plunging axis; 
rotaUng the crankshaft in the fixture about me longitudinal 

axis of Che crankshaft to align the hole location with the 45 
plunging axis; 

machining a first hole in the crankshaft; 

moving a tool head carrying a tool in three orthogonal 

directions relative to the crankshaft in the fixture to 
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position the tool for machining another hole along the 

length of the crankshaft; 
machining a second hole in the crankshaft; and 
unloading the crankshaft with machined holes therein. 

16. A method of machining crankshafts in accordance 
with claim 15 including the step of loading a pair of 
crankshafts in the fixture and machining each of the crank- 
shafts simultaneously. 

17. A method of machining crankshafts in accordance 
with claim 15 including the step of providing a machine tool 
having at least three axes with the plunging axis being a 
horizontal axis, and in which the step of moving the tool 
relative to the crankshaft includes the step of shifting the tool 
head vertically along a vertical axis. 

18. A method of machining crankshafts conq>rising the 
steps of: 

positioning a crankshaft fixture to have an open face 
facing upwardly to receive at least one crankshaft 
therein; 

loading at least one crankshaft into the fixture through the 

open face thereon; 
tilting the fixture lo (n^escnt the crankshaft to a tool and at 

a predetermined angle to the longitudinal axis of the 

crankshaft; 

rotating the crankshaft in the fixture to present a prede- 
termined location on the crankshaft to be machined; 

plunging the tool into the workpiece to machine a hole at 
the predetermined location and at the predetermined 
angle* to the longitudinal axis of the cxankshaft; - 

removing the tool from the hole formed in the workpiece; 
and 

tilting the fixture to position the crankshaft for removal 
from the fixture. 

19. A method in acax-danoe with claim IS indudlng the 
further step ci providing an automatic toolchangcr at a 
position remote from the machine head; 

shifting the automatic toolcfaanger laterally into a space 

between the machine head and the fixture; and 
automatically changing tools on the machine head. 

20. A method in acccH-dance with claim 19 Including the 
step of routing the fixture to shift a portion thereof from its 
crankshaft presenting position for machining to cidaige the 
space to accommodate the autosoatic tool changers lataal 
movement to the tool changing position between the fixture 
and the machine head. 
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